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(57) Abstract: A method and apparatus for providing clock synchronization of 1394 buses having wireless devices utilizing 802.1 1 
communication with computers attached to one or more 1394 buses, includes the steps of (a) synchronizing an internal time base of a 
wireless master device attached to a first bus by receiving a Software Beacon Alert that indicates a time of a subsequent transmission, 
applying the Software Beacon Alert to a first phase -lock loop circuit associated with the master device to create a filtered Software 
Beacon Alert. The first phase-lock loop circuit is unsymmetrical about zero error. A timing message is transmitted from the master 
device to a second phase-lock loop circuit associated with at least one slave device. The timing message must be sent to the at least 
one slave device before the master device receives a subsequent Software Beacon Alert message, so that the wireless master device 
and the at least one slave device are synchronized, even though they are on different buses. This invention allows 1394 devices 
having wireless means to communicate over an 802. 1 1 WLAN network, so that communications can be synchronized between the 
master and slave device across 1394 serial buses. 
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METHOD FOR CLOCK SYNCHRONIZATION OF WIRELESS 13 94 BUSES FOR NODES CONNECTED VIA 
IEEE 802.11 LAN 

5 The field of the invention relates to the synchronization of devices specified in 

standards such as IEEE 1394. More particularly, the present invention relates to the 
synchronization of IEEE 1394 devices connected via 802.11a or 802.11b wireless 
standards. 

IEEE 1394 is a standard for a serial bus wherein the devices are normally 
10 connected via a serial cable. For example, a camcorder, camera, or monitor can be 
connected with a first computer via a 1394 bus. The first computer will in all likelihood 
have a 1394 adapter card plugged into one of its slots to control and translate 
communications between the 1394 devices and the computer. 

However, with the advent of 802.11 radio, it is possible to have in a single 
15 device, such as computer, an 802.1 1 adapter card and a 1394 card that permits control of 
devices, for example, such as a camera, camcorder, monitor, etc. Another computer can 
communicate with the first computer, and if it is desired, for example, the images 
captured by the camera can be sent to the second computer. In order to send the images 
to the second computer, the camera will transfer image data along the 1394 wired bus to 
20 the first computer. With the advent of wireless communication, particularly WLAN 
such as 802.11a or 802.11b (hereinafter "802.1 la/b") increases the possibility for this 
particular method of communication to be used for communication between the first and 
second computers. 

In order for 1394 devices attached to a 1394 bus to communicate with other 
25 1 394 devices on another bus via wireless communication such as 802.11, most of the 
1394 standards must be replicated in order to provide full 1394 functionality. The 
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synchronization of devices conventionally connected is specified in the IEEE 1394 
standard, and a method for achieving this function in the European wireless standard 
entitled "Hiperlan" in ETSI TS 101 493-3. 

However, there is no known method for synchronizing 1394 devices on different 
5 hardwired buses that attempt communication over 802.1 la/b. 

The synchronization issue is critical because devices using the 1394 standard use a 
synchronous system for timing. Although the 802.1 la/b standards have a beacon, 
transmitted at regular intervals, the transmission or reception of this beacon is not 
directly accessible outside the 802.1 la/b device. A computer does have access to the 

10 Software Beacon Alert (SBA). This alert is an indication from the 802. 1 la/b device that 
the beacon will be transmitted shortly and that software must prepare the beacon data. In 
addition, this alert can not be used directly for synchronization since it has a large 
(lOOus is not unusual) variability in delay from the 802.1 la^ timebase. The target 
beacon transition time (TBTT) is used in 802.11 by the Point Coordinator (PC) to let 

15 devices know what is the time space between transmitted frames, with time being 
divided into repeated periods called superframes. A superframe begins with a beacon 
frame that permits the delivery of protocol parameters and allows for synchronization of 
the local rimers in the stations. Thus, every station connected in the 802.11 network 
knows when the next beacon frame will arrive, which is announced in the beacon frame. 

20 802. 1 1 a/b both utilize beacons transmitted at a constant rate, but the 802. 1 1 a/b is 

a non-synchronous protocol Further complicating the problem is that the 802.11 is 
essentially divided into an adapter card (having the radio) and the computer to which it 
is connected (having the "smarts" necessary for control), and the card must generate an 
interrupt to be serviced by the computer. 
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Thus, the need exists to provide an accurate (i.e. clean) wall clock that could be 
used by the all the 802. 11 aft devices to permit communication of devices attached on 
different 1394 buses. 

The present invention provides a method and apparatus for synchronizing 1394 
5 devices that connect via an 802.1 la/b WLAN. 

According to a first aspect of the present invention, a first step of a two-step 
process that utilizes a first Phase Lock Loop (PLL) is used to provide a clean wall clock 
that can be used to synchronize the communications of the 1394 buses. 

According to a second aspect of the present invention, a second step of a two step 
10 process is to transfer the cycle time information from a first 1394 bus 205 (shown in 
Fig. 2) to computer slave devices 210b and 210c, where the computer slave device 210b 
contains a second PLL. 

Thus, the present invention permits synchronizing an internal time base to the 
SBA, and using the time base to synchronize 1394 buses. 
15 Fig. 1 is a flowchart providing an overview of an aspect of the present invention. 

Fig. 2 shows one way that an apparatus according to the present invention can be 
arranged. 

According to the present invention, a digital phase lock loop (PLL) can be 
employed to provide a synchronization of the 802.11 devices attached to respective 
20 1394 buses with the following difference: the phase gain is not symmetrical about zero 
error. 

Figure 1 illustrates an overview of a method according to the presenting 
invention. The process comprises two steps. 
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At step 110 an internal time base is synchronized to the Software Beacon Alert 
by applying the Software Beacon Alert to a first phase-lock loop (PLL) circuit that is 
unsymmetrical about zero error. The phase gain as used is typically not a straight line 
(linear) gain throughout For example, a gain that is a small and constant value 
5 indicates a late beacon. However, a gain that is a large and proportional (linear) 
indicates that the beacon is early. 

The Software Beacon Alert provides the time of the next beacon frame, which is 
referred to as target beacon transition time (TBTT). However, as previously disclosed, 
the Software Beacon Alert often incurs delays, which makes it unsuitable as a timing 
10 reference by itself. The time variation of the Software Beacon alert is almost always 
delayed to some degree. The present invention compensates for the time variation of 
the Software Beacon Alert by utilizing a PLL having a phase detector gain that is 
constant and small when the Software Beacon Alert is late, but large and proportional 
when the Software Beacon alert is early. This function is implemented identically on all 
15 wireless 1394 devices connected to the bus, giving them all a common, stable time base, 
by which to synchronize device hardwired to different buses. 

At Step 120, the synchronized internal time base, which has been synchronized 
to the time of the Software Beacon Alert, is used to sample the cycle time of a 1394 
adapter card of one of the computers and designate that particular card to be the cycle 
20 master. The cycle master samples the 1394 timebase in response to the filtered 
Software Beacon Alert The master then transmits this time to all other wireless 1394 
devices in a unique message. The time that it takes to transmit this time to the other 
devices is not critical, so long as it is transmitted by the next Software Beacon Alert 
since the time it was acquired is known to all wireless 1394 devices. 
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At step 130, the remaining devices, which are slaves, apply the timing messages 
received from the master to a second PLL. This use of a second PLL allows for error 
checking and limits the instantaneous change in the 1394 cycle time to a +/- 1 clock per 
1394 cycle. The slave devices 210b, 210c each have their own PLL circuit 225 (not 

5 shown) but arranged similar to that of the first PLL 225 of the master device 210a. It 
should be noted that the typical error between the master and slave only will be a 
portion of one clock per 1394 cycle. The PLL on the slaves must account for this error 
and distribute it evenly over many 1394 cycles. For example, a slave whose 24.576 
MHz clock is a 1/2 clock per cycle slow would mean that every other cycle comprises 

10 3071 clocks instead if the normal 3072. 

Fig. 2 illustrates one way that a wireless system according to the present 
invention can be arranged. The buses 205, 207, 209 are 1394 buses. Devices 210a, 
210b, 210c, are typically computers with 1394 adapter cards. The computers also have 
means for wireless communication 214 with WLAN devices 213, such as cameras 212, 

15 telephones (not shown), monitors 211, etc. In the present example, it is presumed that 
the wireless standard is 802.1 1, but other wireless forms of communication can be used. 

Device 210a is designated as the master device, and devices 210b and 210c are 
the slave devices. The first phase-locked loop (PLL) 225 receives the Software Beacon 
Alert 216. The first PLL 225 is preferably a digital PLL that is not symmetrical about 

20 zero error. The gain of first PLL 225 is constant and small when the Software Beacon 
Alert is later than the announced arrival, but is large and proportional when the Software 
Beacon Alert is early. This function is implemented identically on all 1394 wireless 
devices, giving them a common, stable time base. The slave devices, 210b and 210c 
apply the time messages received from the master to the second PLL 235. The second 
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PLL 235 checks for the error on the master and distributes the error over many 1394 
cycles. 

Thus, all the 802.1 la/b devices are synchronized to the same 1394 master 
device, even though they are connected to different buses. Every time a filtered interrupt 
5 occurs, the cycle time can be read out. Typically there is about 1ms to transfer the 
reading from the 802.11 cards. This reading is used on the next software alert. The 
slave side gives us a delta reading in addition to the delta reading from the master 1394 
card, which allows the determination as to whether or not the timing is fast or slow. A 
standard PLL can be used to determine this timing, by comparing the cycle time with a 

10 local cycle time. Thus, the difference in timing can be corrected over a predetermined 
period of time to get the phase correct. 

Various modifications can be made to the present invention that would not 
depart from the spirit of the invention, or the scope of the appended claims. It should be 
understood that the illustrations were provided for explanatory purposes and not to limit 

15 the claimed invention. Although the examples shown used computers having 1394 
adapter cards and 802.11 cards to communicate with other wireless devices, it is 
possible that other types of devices can be attached to the 1394 bus, and the types of 
wireless device can be anything that can communicate with the device attached to the 
1394 bus. 
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Claims: 

1. A method for clock synchronization of a plurality of wireless devices (213) 
that are in communication with respective nodes, wherein at least some of the respective 
nodes are attached to different buses, comprising the steps of: 
5 (a) synchronizing an internal time base (step 110) of a wireless master device 

(210a) attached to a first bus (205) by receiving a Software Beacon Alert (216) that 
indicates a time of a subsequent transmission and applying the Software Beacon Alert to 
a first phase-lock loop circuit (225) associated with the master device (210a) to create a 
filtered Software Beacon Alert, wherein said first phase-lock loop circuit (225) uses a 

10 phase detector with an asymmetrical gain about zero error; 

(b) receiving a timing message (step 120) transmitted from the master device 
(210) on the first bus (205) to a second phase-lock loop circuit (235) associated with at 
least one slave device (210b, 210c) attached to one of a second bus (207) and a third bus 
(209) respectively of a plurality of buses; and 

15 (c) providing the timing message (step 130) from the second phase-locked loop 

(235) to said at least one slave device (210b, 210c) attached to said one of a second bus 
and a third bus before the master device (210a) receives a subsequent Software Beacon 
Alert message, so that the wireless master device (210a) and the at least one slave 
device (2 1 0b, 2 1 0c) are synchronized. 

20 2. The method according to claim 1, wherein the timing message received 

in step (b) is error checked. 

3. The method according to claim 2, wherein the instantaneous change in cycle 
time for the at least one slave device is limited to +/- one clock pulse per 1394 cycle. 
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4. The method according to claim 1, wherein the messages transmitted and 
received between the wireless master device (210a) and the at least one slave device 
(210b, 210c) utilize an 802.1 1 WLAN network. 

5 

5. The method according to claim 1, further comprising: 

(d) determining whether the SBA is late or early by deteimining an output of 
the first phase lock loop circuit (225), wherein a constant value that is small relative to a 
predetermined value indicates that the SBA is late, whereas a relatively larger and 
10 proportional gain of the first phase lock loop circuit (225) indicates that the SBA is 
early. 

6. A system for clock synchronization of wireless nodes, comprising: 

a master device (210a) attached to a first bus (205) having means for receiving a 
15 Software Beacon Alert (216) and means for communication (214) with at least one 

wireless device (213), said Software Beacon Alert providing an indication of a time of a 

subsequent transmission; 

a first phase-lock loop device (225) in communication with the master device 

(210a), said first phase-lock loop device (225) being unsymmetrical about zero error so 
20 that a phase detector gain is constant and relatively smaller when the Software Beacon 

Alert is later than an indicated subsequent transmission time, and relatively larger and 

proportional when the Software Beacon Alert is earlier than the indicated subsequent 

transmission time, said first phase locked-loop providing a filtered Software Beacon 

Alert message; 
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at least one slave device (210b, 210c) that receives the filtered Software Beacon 
Alert message transmitted by the master device; said at least one slave device includes 
means for wireless communication (214) with at least one wireless device (213); and 

a second phase-lock loop device (235) that is in communication with the at least 
5 one slave device (210b,210c), said second phase-lock loop device is unsymmetrical 
about zero error so that a phase detector gain is constant and relatively smaller when the 
filtered Software Beacon Alert message is later than the indicated subsequent 
transmission time, and relatively larger and proportional when the Software Beacon 
Alert message is earlier than the indicated subsequent transmission time, so that said 
10 master device (210a) of the first bus and said at least one slave device (210b, 210c) of 
the second bus are synchronized. 

7. The system according to claim 6, wherein the filtered Software Beacon Alert 
message received by the second phase-lock loop device (235) is error checked. 

15 

8. The system according to claim 7, wherein the instantaneous change in cycle 
time for the filtered Software Beacon Alert message of said at least one slave device 
(210b, 210c) is +/- one clock cycle. 

20 9. The system 'according to claim 8, wherein the messages transmitted and 

received between a first wireless device (213) in communication with the master device 
(210a) and a second wireless device (215) in communication with at least one slave 
device (210b, 210c) utilize an 802.1 1 WLAN network. 

25 10. The system according to claim 6, wherein the master device (210a) and the 

at least one slave device (210b, 210c) conform to the IEEE 1394 device timing 



3 



WO 2004/114563 



PCT/1B2004/051004 



10 

standards, and said master device (210a) and said at least one slave device (210b, 210c) 
are connected to respective 1394 serial buses. 



11. The system according to claim 10, further comprising a plurality of IEEE 
5 1394 serial buses, with said master device (210a) being attached to a first of the 

plurality of IEEE serial buses and said slave device being attached a second of the 
plurality of IEEE 1394 buses. 

12. An apparatus for receiving a Software Beacon Alert from a wireless 
10 network and synchronizing a plurality of wireless nodes, said apparatus comprising: 

means for synchronizing a Software Beacon Alert that indicates a subsequent 
transmission time including a phase-lock loop filter (225) that is unsymmetrical about 
zero error, so that a phase detection gain is constant and relatively smaller when the 
Software Beacon Alert (SBA) is later than the indicated subsequent transmission time, 
15 and larger and proportional when the SBA is earlier than the indicated subsequent 
transmission time, said means for synchronizing providing a filtered Software Beacon 
Alert; 

a master-slave arrangement (210a, 210b, 210c,) wherein a master device (210a) 
transmits a filtered Software Beacon Alert to at least one slave device (210b, 210c); and 
20 wherein each of said master device 210a and at least one slave device (210b, 210c) are 
attached to a respective 1394 serial buses, and each of said master and the at least one 
slave device having wireless communication with an 802.11 capable wireless device 
(213); and 
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a second phase-lock loop filter device (235) for said at least one slave device 
(210b, 210c) that performs error checking. 

13. The apparatus according to claim 12, wherein the second phase-lock 
5 loop filter device (235) limits an instantaneous change to +/- one clock cycle. 

14. The apparatus according to claim 12, wherein the second-phase lock 
loop filter device (235) distributes the instantaneous change over a plurality of cycles. 

10 15. The apparatus according to claim 12, comprising at least an additional 

second phase-lock loop device (235) so that each respective slave device (210b, 210c) 
has a respective second phase-lock loop device. 

16. The apparatus according to claim 12, wherein said wireless device 
15 communicating with said master device (210a) and the at least one slave device (210b, 
210c) communicate via an IEEE 802.1 1 protocol. 

17. The apparatus according to claim 12, wherein the master device (210a) 
and the at least one slave device (210b, 210c) comprise computers having 1394 adapter 
20 cards to communicate with a 1394 serial bus, and 802.11 adapter cards for wireless 
transmission with 802. 1 1 devices. 
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